Summary. The existence of Langerhans cells in the stratified squamous epithelium of severely combined immunodeficient (SCID) mice was studied by enzyme histochemistry, immunohistochemistry and electron microscopy. Considerable numbers of ATPase-positive Langerhans cell were observed in the epidermis (ear and hind limb) as well as in the stratified squamous mucosal epithelium (forestomach and tongue) of SCID mice. The cells also expressed Ia antigen. This indicates that, in spite of the lack of functional T and B lymphocytes, the antigen-presenting function of Langerhans cell was retained in SCID mice. In the epidermis, frequency of Ia expressing Langerhans cells was low, but in the forestomach epithelium, 90% of Langerhans cells had strong Ia positivity. In the forestomach epithelium of SCID mice, the regulation of Langerhans cell maturation was affected differently from the epidermis.
As with normal mice, the occurrence of Langerhans cell in female SCID mice was higher than in males; hormonal immuno-regulations may be normal in SCID mice. Under electron microscopy, many Birbeck granules were observed in epidermal Langerhans cells but few in those of the mucosal epithelium.
In SCID mice, Langerhans cell exists constitutively in the epidermis and mucosal epithelium, where the cell may function in a defense system independent from T and B lymphocytes.
Epidermal Langerhans cells are now recognized as designed to present antigenic signals to T lymphocytes and trigger an immunologic response (KATZ et al., 1985) . In addition to the epidermis, we have previously reported that Langerhans cells also exist in the stratified squamous mucosal epithelium of the mouse forestomach and tongue (KoTANI et al., 1991) and that the cells closely associate with Thy-l-positive dendritic cells in mucosal epithelium of mice (NIwA et al., 1994) . If a mouse lacks T lymphocytes, how can Langerhans cell exist and function in the epidermis and mucosal epithelium in such an immunodeficient environment? Immunodeficient mouse mutants are valuable for investigating the development and biology of the immune system (SPRECHER et al., 1990a) , especially for studying the maturation and functional characteristics of Langerhans cells. CB-17 SCID mice are homozygous for a mutation in one of the loci controlling early lymphoid differentiation. As a result, they lack functional T and B lymphocytes (BoSMA et al., 1983) . They are also deficient in immune functions mediated by T and B lymphocytes (SCHULER et al., 1986) , and fail to reject allogeneic skin grafts or to produce antibodies to common antigens. The SCID defect specifically impairs lymphoid differentiation, but not myelopoiesis (DORSHKIND et al., 1984) . In spite of their deficiency in T and B lymphocytes, SCID mice can survive for a considerable period, suggesting that the immunological defense system, including natural killer-cell activity (DORSHKIND et al., 1985) or a macrophage system, may be maintained in some way.
As there have not been any reports on Langerhans cell activity in SCID mice, the distribution in the epidermis and mucosal epithelium, Ia expression upon maturation, and ultrastructural characteristics were examined in this study.
MATERIALS AND METHODS
Male and female SCID mice (scid/scid) at 2 to 32 weeks were used, male Balb/c and CB-17 mice at 5 and 10 weeks serving as controls. Three or more mice were used in each age segment of each strain. Care of the animals in this investigation conformed to the Guide for Animal Research, Nagoya University 348 M. WATANABE et al.
School of Medicine. Under ether anesthesia, small skin fragments were dissected out from the ear and hind limb, and small pieces of mucosa were taken from the forestomach and anterior half of the free part of the dorsal surface of the tongue. Ears were amputated at the base and depilated by hair removal lotion, and dorsal ear skins were separated.
Separation of epidermal or epithelial sheets
Small fragments were incubated with 20 mM EDTA 2Na in PBS at 3TC for 2h. The epithelium was then mechanically separated with fine forceps from the dermis or lamina propria. The sheets were washed three times for 10 min each with PBS, and fixed in 4% paraformaldehyde in 0.1M cacodylate buffer (pH 7.3) at 4C for 30min.
Histochemical detection of ATPase activity on Langerhans cells
Epidermal or epithelial sheets were washed again with a 0.1M Tris maleate buffer (TMB) (pH 7.3), then incubated at 3TC for 20min in a freshly prepared medium for the ATPase assay system (ROBINS and BRANDON, 1981) : distilled water, 3ml; 0.2M TMB (pH 7.3), 5ml; 0.1M MgSO4, 1ml; 2% lead nitrate, 1ml; and ATP, 8mg. Incubated sheets were washed and developed with 1% ammonium sulfide (yellow) at room temperature for 3min.
Immunohistochemical detection of Ia positive cells
After fixation, the sheets were washed with PBS and incubated at 3TC for 90min with anti-mouse Ia monoclonal antibody (1:20 dilution, Boehringer Mannheim Biochemica, Germany). After incubation, epidermal or epithelial sheets were washed and incubated with purified goat anti-rat IgG-FITC (1:50 dilution, EY Laboratories, Inc, USA) at 3TC for 90min.
Quantitation of ATPase positive Langerhans cells and Ia positive cells
The density of ATPase or Ia-positive cells was determined and expressed as the number of cells per mm2 of epidermal or epithelial sheets. The mean and SD of three or more specimens were calculated for each experiment.
Light and electron microscopy Small pieces of the tongue epithelium, forestomach epithelium, hind limb skin and ear skin were fixed with Karnovsky's solution (pH 7.4) for 4h at room temperature and then post-fixed with 1% osmium tetroxide in 0.1M cacodylate buffer (pH 7.4) for 90 min at room temperature.
After dehydration with graded ethanol concentrations, they were embedded in Quetol 812 (Nissin EM, Tokyo). Ultrathin sections were cut vertically to the epithelial surface on a Porter-Blum MT-1 ultramicrotome using a diamond knife. Sections were stained with uranyl acetate and lead citrate and examined under a JEOL 100-CX or Hitachi 7100 electron microscope. For light-microscopic observations, semithin sections of about 1.0um were cut and stained with 1% toluidine blue. Langerhans cells were regularly observed, but were very crowded together (Fig. 1A, B) . In the forestomach epithelium, Langerhans cells commonly extended long cytoplasmic processes among keratinocytes (Fig. 1C) . In the tongue epithelium, Langerhans cells were located in the interpapillar region (Fig. 1D) .
Occurrence of Langerhans cell in maturing epidermis and mucosal epithelium
The occurrence of ATPase (+) Langerhans cell was counted in the epidermis or mucosal epithelium from young (2 weeks after birth) to aged (31 weeks) SCID mice. Figure 2 shows ATPase (+) cells/mm2 in each period in four areas. In hind limb ( Fig. 2A ) and ear epidermis (Fig. 2B) , as many as 1000 Langerhans cells were observed just after birth, remaining constant in number as the mice matured. In the mucosal epithelium of the f orestomach (Fig. 2C ) and tongue ( Fig.  2D) , fewer Langerhans cells appeared at 2 weeks of age, but increased at 3 weeks and reached a peak at 9 weeks. Thus, considerable numbers of Langerhans cell were distributed over a long period in the epidermis and mucosal epithelium of SCID mice. This cell density is similar to that reported in normal mice, strain dd (KOBAYASHI et al., 1987; KOTANI et al., 1991) , CB-17 (present study, not shown) and Balb/c (present study, not shown).
Ia positivity of Langerhans cell in maturing SCID mice
Ia expression, a functional characteristic of Langerhans cell, was examined in the epidermis and mucosal (Fig.  4C) , which indicates that almost all Langerhans cells expressed Ia antigen in the f orestomach. The Iapositivity started to decline at 10 weeks after birth, and decreased to 40% at 32 weeks (Fig. 4C) . The ratio of Ia-expressing Langerhans cells was low (around 30%) in hind limb epidermis (Fig. 4A) , where the number of ATPase (+) Langerhans cells was high ( Fig. 2A) .
Comparison of Ia positivity of Langerhans cells in SLID mice with that in control mice
We compared the la-positivity of Langerhans cell in SCID mice with CB-17 and Balb/c mice at 5 and 10 weeks of age. Figures 5A-D indicate the ratio of la (+) cells/ATPase (+) cells in each area of each strain. Ia-positive Langerhans cells increased considerably at 10 weeks in CB-17 and Balb/c, but only slightly in SCID mice. In the f orestomach of SCID mice, Ia (+) Langerhans cell ratios were high, maintaining the same levels as Balb/c (Fig. 5C) . Difference in Langerhans cell density between male and female SCID mice
It has been reported that the density of Langerhans cell in mouse epidermis is higher in females than in males (KOYAMA et al., 1987) . We here examined the difference in the occurrence of ATPase (+) Langerhans cell in the epidermis and mucosal epithelium of maturing SCID mice at 5, 10 and 23 weeks of age. Table 1 shows the higher density of Langerhans cell in female SCID mice. The difference between male and female was greater in the epidermis than in the mucosal epithelium.
Ultrastructural characteristics of SLID Langerhans cell
Four areas (hind limb and ear epidermis, forestomach and tongue epithelium) were examined by electron microscopy. The ultrastructural characteristics of Langerhans cells were similar to those observed previously in normal mice (KOBAYASHI et al., 1987; KOTANI et al., 1991; NIWA et al., 1994) . Figure 6 shows the SCID Langerhans cells in the hind limb epidermis (6A) and forestomach epithelium (6B). The outline of the cells was irregular and showed dendritic processes. No desmosomes were found between the Langerhans cell and neighboring keratinocytes. The nucleus was irregularly indented and many organelles were observed in the cytoplasm. Birbeck granules were frequently observed in epidermal Langerhans cells (Fig. 6A ), but not in mucosal Langerhans cells (Fig.  6B) .
The number of Birbeck granules in one Langerhans cell profile was calculated in four areas: the average of Birbeck granules was 1.26 (n=46) in the ear and 0.9 (n=21) in the hind limb, while fewer Birbeck granules were observed in the mucosal epithelium; 0.26 (n=31) in the forestomach and 0.18 (n=22) in the tongue Langerhans cell. Since Langerhans cells were rarely found in the f orestomach and tongue, care was taken to examine an epithelial area several times larger than that of the ear and hind limb.
DISCUSSION
In immunodeficient SCID mice, considerable numbers of ATPase-positive Langerhans cell and Ia-positive Langerhans cell were observed in the epidermis as well as in the stratified squamous mucosal epithelium. This indicates that, despite the lack of functional T and B lymphocytes, the antigen-presenting function of Langerhans cells was retained in SCID mice. The number of Ia expressing Langerhans cells was low in the hind limb, ear and tongue, but in the forestomach epithelium, there was a high frequency of Ia (+) Langerhans cells (90% of the cells had strong Ia positivity in immature mice, and declined to 45% positivity at 32 weeks). In the SCID f orestomach epithelium, the regulation of Langerhans cell maturation may be affected in a manner different from the epidermis. The effect of aging on epidermal dendritic cells has been reported in C57BL/6J mice (SPRECHER et al., 1990b) : Langerhans cells detected using anti-Ia or anti-NLDC-145 antibodies decreased with age. In our study, the expression of NLDC-145 in the Langerhans cells of maturing SCID mice should also be considered.
The ratio of Ia expression did not show a marked increase with maturation in SCID mice as compared with CB-17 and Balb/c mice. This indicates that the functional maturation of Langerhans cell was weak in the SCID mice. Since Langerhans cells are known to be an antigen-presenting cell to T lymphocytes (KATZ et al., 1985) , it seems curious for Langerhans cell to exist in SCID mice. Other functions of Langerhans cell had to be considered as active in such immunodeficient mice. Non-immunological antigen recognition or trapping, like natural killer cells (DORSHKIND et al., 1985) , could be among those other functions.
There is a difference in the distribution pattern of Langerhans cells between male and female mice (KOYAMA et al., 1987) . This difference was also observed in SCID mice, which suggests that hormonal immune regulation is normal. The occurrence of Langerhans cells in maturing epidermis and mucosal epithelium has been studied in normal mice. In the epidermis, ATPase (+) Langerhans cells already appeared by fetal day 16, and increased to the adult level by postnatal day 4 (KOBAYASHI et al., 1987) , while in the mucosal epithelium, ATPase (+) Langerhans cells appeared 3 weeks after birth (KOTANI et al., 1991) ; Ia (+) Langerhans cells also appeared at the same time (NIWA et al., 1994) . Our present results also showed that ATPase (+) or Ia (+) Langerhans cells in the SCID mouse epithelium appeared 3 weeks after birth, indicating that the occurrence of mucosal Langerhans cells in SCID mice, as in normal mice, is related to the digestive microenvironment.
We have previously reported the ultrastructure of Langerhans cell in stratified squamous mucosal epithelium of the f orestomach in normal mice (KOTANI et al., 1991; NIWA et al., 1994) ; the ultrastructure of SCID Langerhans cells in the f orestomach and tongue was very similar. In SCID Langerhans cells, many Birbeck granules were observed in the epidermis but few in the mucosal epithelium. The functional characteristics of Birbeck granules in a Langerhans cell are still unknown. The cellular mechanism of the Birbeck granule synthesis may relate to the cell function, in which case a high or low incidence of Birbeck granules in the Langerhans cell of SCID mice might provide a clue to understanding their role.
